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We consider a new effective symmetry that acts on a gauge invariant Lagrangian. We show that
the standard model after spontaneous symmetry breaking is invariant under this symmetry which
identifies up to a scale factor the gauge parameter with the elementary or composite scalars in the
theory. We discuss some of the consequences of this symmetry in the abelian and non- abelian
sectors of the standard model.
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I. INTRODUCTION
The standard model of elementary particles [1]-[8] has become one of the most successful theories of modern physics
with enumerable experimental confirmations culminating with the discovery of a Higgs like particle at the LHC [9].
However there are still theoretical issues to be clarified some of them in connection with the cosmological issues such
as the origin of matter-antimatter asymmetry in the universe and the candidate for the dark matter. There are many
established extensions of the standard model that solve some of these problems like the supersymmetric standard
model, technicolor models, two Higgs doublet models, GUT models etc. Among these only the experiment can decide.
The present work starts with two fundamental question apparently unrelated: a) what is the role of the scalars in a
gauge theory with fermions; b) why are the neutrino masses so small compare to the other fermions such that in first
order approximation may be taken as zero? We will show here that a particular answer to these two problems can be
given in the context of a new symmetry of the standard model Lagrangian.
II. IN THE QUEST FOR A NEW SYMMETRY
Consider an abelian U(1) theory with massless fermions:
L = Ψ¯(iγµDµ)Ψ− 1
4
(Fµν)
2, (1)
where,
Dµ = ∂µ − igAµ. (2)
This Lagrangian not only preserves the Lorentz and gauge invariance but also the chirality of the states. It turns
out that this theory is also invariant under the infinitesimal transformation given by the operator K = exp[kγµDµ]
which is non-unitary and unbounded (and does not satisfy the premises of the Coleman Mandula theorem [10]):
Ψ′ = Ψ+ kγµDµΨ
A′µ = Aµ (3)
where k is an inverse scale such that for a square momentum p2, p2k2 ≪ 1. This is proven by:
iΨ¯′γµDµΨ
′ = iΨ¯γµDµψ +
ik(DρΨ)
†γρ∗γ0γµDµΨ+ ikΨ
†γ0γµγρDµDρΨ =
iΨ¯γµDµΨ− ikΨ†γ0γργµDρDµΨ+ ikΨ†γ0γµγρDµDρΨ =
iΨ¯γµDµΨ (4)
† Email: rjora@theory.nipne.ro
‡ Email: nasri.salah@gmail.com
2We generalize the Lagrangian in Eq. (1) to contain also a neutral scalar which couples with the fermion fields:
L = 1
2
(∂µB)
2 − 1
2
m2B2 + Ψ¯(iγµDµ)Ψ−mf Ψ¯Ψ− yBΨ¯Ψ− 1
4
(Fµν )
2. (5)
Here B is the scalar field and y is the Yukawa coupling for the fermion field. Applying the infinitesimal transformation
given by the operator K to the Yukawa term yields:
−Ψ′†γ0BΨ′ = −(KΨ)†γ0B(KΨ)
= −Ψ†γ0BΨ− k(DµΨ)†γ∗µγ0BΨ− kΨ†γ0γµBDµΨ
= −Ψ†γ0BΨ+ kΨ†γ0γµBDµΨ− kΨ†γ0γµBDµΨ+ kΨ†γ0γµ∂µBΨ
= −Ψ†γ0BΨ+ kΨ†γ0γµ∂µBΨ. (6)
It turns out that this term is not invariant under the symmetry because of the extra term which contains a partial
derivative of B. However the Lagrangian in Eq. (5) is invariant under a slightly modified symmetry given by the
operator K ′ = exp[kγµD′µ], which for infinitesimal transformation is defined as:
Ψ′ = Ψ+ kγµD′µΨ
A′µ = Aµ −
k
g
∂µB
B′ = B (7)
where,
D′µ = ∂µ − igA′µ. (8)
The invariance of the Lagrangian (5) under the symmetry defined in (7) can be proven as follows (for simplicity we
set the Yukawa coupling y = 1):
L′ = iΨ†γ0γµD′µΨ−Ψ†γ0BΨ+ ik(γρD′ρΨ)†γ0γµD′µΨ
+ikΨ†γ0γµD′µγ
ρD′ρΨ− k(γρD′ρΨ)†γ0BΨ− kΨ†γ0γρD′ρΨ
= iΨ†γ0γµD′µΨ+ kΨ
†γ0γµ∂µBΨ−Ψ†γ0BΨ
= L+ gΨ†γ0γµ(A′µ −Aµ)Ψ + kΨ†γ0γµ∂µBΨ. (9)
where we have taken into account only the relevant terms. Note that the symmetry K’ in (7) identifies the gauge
parameter α up to a proportionality factor with the dynamical scalar in the model B, i.e. α = kB.
For the K ′ to be a true symmetry of a gauge theory we need to prove that it is valid also for a non-abelian gauge
theory. This is shown in,
− Ψ¯′B1Ψ′ = −Ψ¯B1Ψ− k(γρD′ρΨ)†γ0B1Ψ− kΨ†γ0γρB1D′ρΨ =
= kΨ†γ0γρ(DρB1)Ψ. (10)
Here B1 is a scalar field which may be elementary or composite and for the case of QCD for example has the
structure B1 = B
a
1
λa
2
. Thus a non-abelian gauge Lagrangian is invariant provided that,
g(A′µ −Aµ) = −kDµB1, (11)
So we again obtain the relation α = kB1 but this time for a non-abelian gauge parameter (for the case of QCD
α = αa λ
a
2
). Hence we showed that the standard model of elementary particles is invariant under the infinitesimal
symmetry given by the operator K’ provided that his operator is adjusted to each fermion species and contains the
covariant derivative or simple derivatives corresponding to the each species kinetic term. For example the quarks
transformations are given by:
q′i = qi + kiγ
µDµqi, (12)
where i represents the quark flavor, Dµ = (∂µ − ieAµ − igAaµ λa2 ) is the full covariant derivative which contains the
electromagnetic and the color gauge fields Aµ and A
a
µ, respectively..
3To complete the proof that K ′ is a symmetry of the standard model Lagrangian we need to consider the transfor-
mation of the charged and neutral currents interaction. They have the form:
LCC = g√
2
(J+µ W
+
µ + h.c.)
LNC = g
cos θW
J0µZ
µ (13)
where the currents J±,0µ have a structure of the type f¯
1
Lγ
µf¯2L for the charged currents or f¯
1
L,Rγ
µf¯1L,Rfor the neutral
ones. We shall consider only the first case. Under K ′, a left handed fermion transforms as
K ′ΨL = ΨL + kγ
µD′µ(
1 − γ5
2
)Ψ = ΨL +
1 + γ5
2
γµD′µΨ. (14)
Consequently, the action of this operator on the charged current Lagrangian leads to,
L′CC =
g
2
(K ′f1)†γ0γµ(K ′f2)W
+
µ + h.c.)
g
2
(f1)†γ0γµf2W+µ +
= k1
g
2
(D′ρf
1)†γρ∗(
1 + γ5
2
)γ0γµ(
1 − γ5
2
)f2W+µ + k2
g
2
f1†(
1− γ5
2
)γ0γµ(
1 + γ5
2
)γρD′ρf
2W+µ + h.c.
=
g
2
(f1†γ0γµf2W+µ + h.c.) = LCC . (15)
This concludes the proof that the operator K ′ , which contains all the unbroken gauge interactions specific to each
fermion, is a symmetry of the standard model Lagrangian invariant .
III. CONNECTION BETWEEN THE NEW SYMMETRY AND CONFINEMENT
In section II we have shown that the symmetry given by the operator K ′ = exp[kγµD′µ] works as an infinitesimal
transformation acting on the fermion fields in a gauge invariant Lagrangian. Thus we have made the underlying
assumption that the constant k = 1
Λ
functions as a natural cut-off of the theory such that all the momenta are lower
than this scale. We know that the gauge symmetry is a good symmetry both as infinitesimal transformation and
finite one. It is natural to inquire what happens if the inverse scale k is of the size of the fermion momentum of
one particular species of fermions. Since we expect the nonabelian case to be more interesting we shall consider the
QCD Lagrangian with only one flavor and with an additional quark-quark-scalar interaction, where the scalar may
be elementary or composite:
L = −1
2
TrGµνG
µν + Ψ¯(iγµDµ −m)Ψ− yΨ¯B1Ψ. (16)
We have proven in section II the invariance of this Lagrangian under the transformation:
Ψ′ = Ψ+ kγµD′µΨ
A′µ = Aµ −
k
g
DµB1
B′1 = B1. (17)
We expect that the requirement that the Lagrangian in Eq. (16) be invariant under the full symmetry K ′ will lead
to particular solutions for the fields involved. In what follows we show that this is indeed the case. So we require that
(K ′Ψ†)γ0(iγµD′µ −m−B1)(K ′Ψ) = Ψ†γ0(iγµDµ −m−B1)Ψ. (18)
The most obvious solution to the above equation is then:
ln(K ′)Ψ = iαΨ
(−igkγµ(A′µ −Aµ) + ikm+ ikB1)Ψ = iαΨ, (19)
where we used the equation of motion for the fermion field.
Now we reinforce kB1 = α, and g(A
′
µ −Aµ) = −Dµα, to obtain:
kγµDµB1Ψ = mΨ. (20)
4Note that the equation in (20) is a constraint for both the fermion and the scalar fields. However we want to extract
if possible only the solutions for the scalar field. First we apply the operators in Eq. (20) to the field Ψ¯ and then
multiply to the left to obtain:
Ψ¯k2γµγν(DµB1)
†(DνB1)Ψ = m
2Ψ¯Ψ (21)
Then we extract the trace condition with the append that the final solution we shall obtain from this satisfies also
the full Eq. (21):
Tr[k2γµγν(DµB1)
†(DνB1)] = 4m
2 (22)
This equation works as a constraint to the Klein Gordon equation in both cases where the field is elementary or as
the equation of motion if the field is composite. We simplify Eq. (22) to:
∂µBa1∂µB
a
1 + g
2fabcAµbBc1f
amnAmµ B
n
1 =
m2
k2
. (23)
One of the most interesting solutions to Eq. (23) is:
B1 =
m
k
(xµ − x0µ)cµ
∑
a
λa
2
, (24)
with c0 = 0, ci = 1 and Aµ = 0. Thus the field B1 is an effective extended field with constant energy for which a
suitable propagator is simply the function m
2
k2
δ(~p)′. An extra factor of δ(E −E0) (where E0 is the constant energy of
the scalar field) which fixes the value of the energy should be introduced in the amplitudes. This insures the correct
dimension of the corresponding propagator.
We work in the nonrelativistic limit where the four momentum of a fermion is given by (m, ~p) such that this type
of solution make sense. Then considering the propagator in space time, it is obvious that the type of solution given
in Eq. (24) applied between two pairs of fermion fields one placed at x0 the other one at x gives a potential linearly
growing with distance of confining type. This potential is attractive as it comes with a positive sign in the interaction
hamiltonian.
To see things more clearly let us estimate the potential for the scattering of four fermions intermediated by the
field B1. We can just simply replace in typical Yukawa calculations (see for example [11]) the propagator by
m2
k2
δ(~p)′
to obtain:
V (q) = −i y
2m2
k2
δ(~q)′ (25)
which in position space gives
V (r) =
∫
(−i y
2m2
k2
)
d3q
(2π)3
ei~q~xδ(~q)′ = −y
2m2
k2
r (26)
Note that analogously to the Wilson loop, the field B correspond to the gauge parameter of the non abelian gauge
theory but the confining behavior is obtained quite straightforwardly by simply reinforcing the gauge symmetry.
IV. NATURALNESS IN THE CONTEXT OF THE NEW SYMMETRY
After spontaneous symmetry breakdown of the electroweak group the standard model of elementary particles
possesses a U(1) × SU(3) symmetry. Let us consider only the U(1) symmetry. According to the picture depicted in
section II the invariance of the Lagrangian under the symmetry K ′ in Eq. (7) requires a neutral scalar B that couples
with the fermions such that the relation,
kB = α (27)
holds where k is a parameter with dimension mass−1 related to the cut-off scale of the theory. Since the parameter
α is universal for all the fermions the inverse scale kf specific to one fermion flavor should be adjusted such that
yfkf/qf = k where qf is the charge and yf is the corresponding Yukawa coupling.
5However if we associate the gauge parameter with a dynamical scalar we have a problem with fixing the gauge in
the usual manner. Note that up to this point there is nothing to prevent the scalar B from having a mass and a
potential and to behave like a regular Higgs boson.
Let us Consider a U(1) gauge theory with a neutral scalar and fermions. The generating functional is given by:
Z[B,Aµ,Ψ] =
∫
DΨ¯DΨDAµDB exp[i
∫
d4xL]. (28)
In the standard approach the gauge fixing condition is introduced through:
∫
DA exp[iS[A]] = det(δ(G(A
α))
δα
∫
Dα
∫
DA exp[iS[A]]δ(G(A)), (29)
where,
G(Aα) = ∂µAµ − 1
g
∂µ∂µα. (30)
For our case however the condition given in Eq. (30) may seem like a good gauge fixing condition but it is not since
it is equivalent to:
∂µA′µ = ∂
µAµ − k
g
∂µ∂µB (31)
and the field B is dynamical and has its own equation of motion. We will show however that one can apply a similar
system of constraints to the case at hand. We start by fixing the gauge field for ξ = 1, the Feynman gauge:
∫
DA exp[iS[A]] = const
∫
DA exp[iS[A]]δ(∂µAµ − ω(x))
= const′
∫
Dω
∫
DA exp[iS[A]]δ(∂µAµ − ω(x)) exp[−i
∫
d4x
ω2
2
]
= const′ exp[iS[A]] exp[−i
∫
d4x
1
2
(∂µAµ)
2]. (32)
We shall use a trick to obtain the correct gauge condition in this set-up. We know that,
ω(x) = −k
g
∂µ∂µB =
k
g
m20B (33)
where we used the Klein Gordon equation for the scalar field. Then we need a term,
exp[−i
∫
d4x
k2m40
g2
B2] (34)
in the Lagrangian. This should come from a simple Lagrangian for the scalar field:
L = 1
2
(∂µB)
2 − 1
2
m0B
2 (35)
We thus require,
∫
d4x[
1
2
(∂µB)
2 − 1
2
m0B
2] =
∫
d4x(−k
2m40B
2
g2
)
∂µ∂µB − (m20 −
k2m40
g2
)B = 0 (36)
in all orders of perturbation theory. This is equivalent to asking for the following relation between the physical and
bare mass:
m2 = m20(1 −
k2m20
g2
) (37)
6where the sign of the correction can also be positive. Practically the condition (37) fixes the physical mass of the
Higgs boson in terms of the cut-off scale of the theory Λ = 1
k
. Alternatively one can compute corrections to the Higgs
mass and determine the inverse scale k.
In summary the fixed generating functional for the gauge Lagrangian will become:
Z[Ψ¯,Ψ, A,B] = const
∫
DΨ¯DΨDADB exp[i
∫
d4xL] exp[−i
∫
d4x
ω2
2
]δ(∂µ∂µB +m
2B)δ(∂µAµ − ω) (38)
Note that we have the usual gauge fixing as it should be with an extra constraint for the scalar mass which fixes its
behavior for some type of Lagrangians with the cutoff scale. For the initial symmetry K to work however one needs
a cut-off scale much larger than all the masses in the theory. The larger the scale the better all physical quantities
behave. The constraints on the scalar particle are milder in the presence of multiple scalars which couple with different
flavors of fermions.
V. CONCLUSIONS AND DISCUSSION
Some of the issues associated with the standard model after spontaneous symmetry breaking can be solved if one
considers an effective symmetry (the K ′ symmetry) acting on the fermions in the Lagrangian. This symmetry has
some similarities with the BRST symmetry [12] but also some important differences. First of all it is an effective
symmetry that depends on the natural cut-off scale in the theory; secondly it identifies the gauge parameters with the
scalars, elementary or composite that exist in the theory. However as opposed to the BRST symmetry the scalars are
dynamical and present in the theory and one of them can correspond to the Higgs boson found at the LHC. Moreover
this simple symmetry can explain why neutrinos which do not have any vector gauge interactions are not coupled at
tree level with any scalars ( e.g. an SU(2)L scalar triplet for the case of Majorana neutrinos ) : such a coupling would
break the K symmetry.
In any gauge theory one needs a gauge condition necessary to eliminate the redundant degrees of freedom. We did
that (for the U(1) gauge group) in the context of the K symmetry by fixing regularly the gauge field condition which
produces an extra constraint related to the scalar field. Thus its mass is fixed by the theory and the off-shell degrees
of freedom are eliminated. This might create some problems with unitarity of the model for the case of a single scalar.
However this new symmetry is better realized in the presence of multiple scalars, case in which some of the scalars
survive off-shell.
We have also showed that the scalar field which is proportional to the gauge parameter for the group SU(3)C can
play the role of the Wilson loop for describing confining. Note that this scalar may be elementary which contradicts
the observation, or composite which better fits the general picture of QCD. In the latter case the scalar is introduced
in theory as an auxiliary field which is eliminated by the equation of motion, thus leading to four fermion interactions.
We shall postpone discussions of the implications of this symmetry for extensions of the standard model in general
for further work.
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